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INTERNAL 

CORRESPONDENCE 


TO: L. MURPHY 


UNITED 


TECHNOLOGIES 

CHEMICAL 

SYSTEM 



FM: 

RE: 

CC: 

DT: 

NO: 


I. LIZARDO 

bsm temperature conditioning, update 

R. HAMMOND, P. MEDIA, W. HUEFERD, H. 
October 15, 1993 

iJL-14-93E 


(COLD MOTOR) 
ZITZER, T. O'HARA 


REF: 


Internal Correspondence, 
Temperature Conditioning" 


Liza rdo to L . 
Se Pt. 30, 1993 


Murphy, "BSM 
IJL-11-93E. 


mean bulk' * te'mpe rat^re'of thelfopenf^ ' f ^ predictin 9 the 

corrected plot is shown in Figure 1 . 

solar ^heat °f lux h from 'the ground ^Th^s fl ^ 1 the reflected 

bottom half of the motor. The d d n ^ applied to the 
from an assumed albedo value of heat fl ux was calculated 
flux {direct normal solar fl ux 1 ’ ' * Calculated incident heat 

absorptivity value of 0 33 f or ' fh f' Reference 1 ), and a solar 

u.33 for the white paint, in other words 

Heat Flux = « , J 

hue paint aibedo * direct normal solar flux 

two heat 'loss W term: S ° made t0 th6 model - The present model had 


1 ) heat lossl 

2 ) heat loss 2 


t»mp T 

O € , . rn 4 

, solar 1 wall 


applfi"^^ entire^otor ^'Thebsecond'heat 6 ! ' SS= ^ " ^ ^ ab0Ve Was 

emi ss = 0 .33) above, which was an ni 7^ h f 1055 term < s °lar 
motor, should not have been i l fc ° the tOP half of the 
eliminated the second heat loss term'above? 0 ”^^ CUrrent "° del 
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jeconThea^ L'^lerm^^ielncrfasJd'th" the e “ nUnati °" of the 

^hd ^T^VoX^Vr" ° f 
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TIME - MINUTES 


OCT 2 5 1993 

RCR-272-93 


USBI Company 
P-O. Box 1900 
Huntsville, AL 35807 


Attention : 
Subject: 

Reference : 


Mr. Bob D. Noblin 

Sr. Subcontract Administrator 

JC.JU 0 , (CSD Project 559X) 

A> Subject?' »bs„' 0 1 4 ‘ 93 datSd 8 Sept. 93; 
Thermal Analysis"' mperature Conditioning 

0 el » P e h n°c?i C ^rT °VS ° dt - 93 »*«», 

Wilson (Local USbI) B S?*" J USBI > ' D. 
Murphy (CSD), P . Melia fcsTV^' L> 
(CSD); Subject- - 1 ' Llzardo 

Thermal Analysis" * Modification of 


B) 


complet P eT\he t subj e e f ct ^nflvLIV . Chemical Systems Division (CSD^ 
was submitted to the USBI ^Proaram U M ented in Attachm ent i, which 

° tharKiSe ' CSD considers this task complete ^ 

Should you have any auestinnc n 
Manager, at „ 0 S, 

Very truly yours, 334 ‘ 

UNITED TECHNOLOGIES CORPORATION 
Chemical Systems Division 


P- c. Russell, Jr., 
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Contract Administrator 
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Hammond, T. 
(DCMO) , D. Albee 


O'Hara, 
, File: 


USBI-io down, 
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INTERNAL 

CORRESPONDENCE 


TO: L. murphy 


FM: I. LIZARDO 


RE: 

CC: 

DT: 


2SM TEMPERATURE CONDITIONING 
H. HAMMOND, P. MELIA, W. HUFFERD, K. 
September 30, 1993 


ZITZER, T. 


NO : I JD - i 1 - 9 3 E 


UNITED 

TECHNOLOGIES 

CHEMICAL 

SYSTEM 


O'HARA 


REF: 


1939 AS HP A r 
American Soc 
Condi tronina 


handbook 

tety of H 
Engineer 


--UNDAMFNmaT.Q r.p ED; 

eating, Refrigeration 
s, Inc., 1989. 


TION, 
and Air 


bulk t emperatub s 1 Jf ^the F proDellant n w hil BSM t0 determine the mean 
conditioning box for- I nt . whlle it is out of the 

various thermal conditions ^The^roofll f ^ hirty minutes under 
conditioning if -he mean bulk " S COnsidered out of 

difference of 5=F from the rnntsTr P f exceeds a temoerature 
minutes. The out-of-cond^ionTn.^ :i ° ned temperature within thirty 
the following temperaturrcondiiionsr 31 analysis was Performed for 


initial motor condi 

1. Tair = 105 C F 

2. Tair = 85°F 

3. Tair = 65 C F 


zoning temperature = 


2 0 C F . 


Ini 

1 

2 

3 


^al^otcr^conditioaiag temperature . 

Tair = 65=F 
Tair = 85°F 


13 0°F . 


I^f! SUlCs of the above analysis 
-ond.uu.onea motor and in Figure 2 


are shown in Figure 1 for cold 
-or tne hot conditioned motor. 


Analy sis Procedure 

A t *vo dimensional transient ♦- y-a _ .p , 

the loaded BSM motor. The two-dimensionaf ana lysis was performed on 
a one-dimensional analysis becaisISf thl J nalysis waa chosen over 
surrace of the propellant The anllS^ I geometric shape of the ID 
external boundary condition T ^ consisted of applying an 
mooel depicting the cross-sect- on of a^SM 3 ! -01 ^ 1 ^ inite element 
computer code that was used in'tSe^lyf is'if^SD ' Ttwo-^ 




I — LlI 21 Q_ 


Q LU CD 
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TIME - MINUTES 

Figure 1. Out-of -conditioning, Cold Motor (T nul =20°F) 




TIME - MINUTES 

Figure 2. Out - of -condi M r>ni ,, . 


aimensacnai heat transfer code, DOT. It is a general two- 
aimensional planar or axisvmmetric finite element heat transfe- 
ccmputer program, ^performing both steady-state and transient non- 

:^^/?^ t .J r ^ ns£er a ^ al ’/s-s. It uses anisotropic thermal material 
prope. -_es v-^at are a lunction or temperature and is capable of 
uanalmg time and temperature variant convective and radiative 
oundary conditions; along with surface recession and impressed 
temperature boundary conditions. Besides generating nodal 
temperature histories, DOT also outputs the mean bulk temperature 
Oj. specified materials as a function of time. 


Analysis Details 
A two-dimensional planar 
generated from the cross- 
The model consisted of p: 
cork as the external sur: 
mentioned materials are 1 
cf the loaded motor was c 
symmetric heating/ ccoiinc 


finite element model, Figure 3, was 
section of the BSM motor (Figure 4) 
wpenant, liner, an aluminum case, and 
ace. The thermal properties for the above 
istea in TABLE 2. A full cross-section 
reacea tor the capability of handling non- 


The analysis was broken down into two phases. The first phase 
consisted or heating a cold conditioned motor, while the second 
pnase consisted of cooling a^ hot conditioned motor. The ID surface 
o*. the propellant for botn phases was assumed to be adiabatic. 

The analysis for the first phase assumed that the initial 
temperature of the loaded motor to be at 30°F. The external 
boundary conditions consisted of solar radiation, free convective 
neatmg ana radiative heating with the surroundings. This phase of 
tne analysis was further broken down into three sub-phases based on 
an air temperature cf 105 C F, 85 S F, and 65 3 F. The changes in the 
i_hree air temperatures are reflected in the convective and 
radiate i /e heating to the surroundings. The solar radiation, however 
iS unaii.ected by the air temperature. The following assumptions 
were made in determining the solar heat flux: 


-he hour angle was assumed to be zero, i.e. 
solar noon. 

The month is Mav, when maximum insolation c 
1 ) . 


the time is 
curs (Reference 


The^soiar azimuth angle was assumed to be zero. In other 
words , the external surface of the motor case faces 
directly into the sun. 

The local insolation was applied equally to quadrants 1 and 
2, the top half ci the motor, but was adjusted as a 
..unction of the tilt angle. The tilt angle being defined as 
-he angle cetween ^he surface normal and the horizontal 
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radiation heat flux fo^thl h * W ° rSt Possible 7 0 ca' s - 
1 was used as the basis S SU ? e r months. Chaote>- 2 - °~ ar 
radiation heat f iux J L r calculating the lo?al 1 il ° r Refe «nce 

calculated using the ^o? 7 o° Cai lncide nt solar heac~*tt * nt solar 
y cn e following equation: eac x Was 

^ i ~~ ^ ON TOS 0 

where : 

g-- V = direct normal solar flux 
9 = angle of incidence between in. • 

-me normal to the surface. n<? SOlar rays and 

The direct normal sol^r ei 

equation : - - lu * «■ calculated with eh . foUowlng 


.4 


5xp ( 


sin p ’ 


where .- 

3 - atraosDheric 1 ext^5ctio 10n aC air mas s-0, (table ii 

f" 1 ^ “M D 


rhe solar altitude, 


1S calc 'alated as follows: 


where : 


5 

H 


sm P = cos L cos 6 cos H + sin L sin 5 

= Latitude (37 2 ^° men i 
- solar declination Stable* l^° n) 

• hoUr '-0. solar^noon) 


~~ / 

Based np *- u ^ • 

asfe* ssss 7 ... 

C0S 6 " COS e V Sin E . sin p cos s 

= solar altitude 

surface solar azimuth { = 0 fxni • 
sun). ' °' fac “9 directly into the 

- - CUt angle of the surface. 

The ti i ”> *- 1 

finite 

-«PUc. Mob 

dr - iux inputted 


where : 

i3 

y 
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3S tne source flux 

^ “ c ^as assumed to be n » 7 a s °lar 
Radiative flux di 33 • 

ralSicn^Ss^rd®- 6 °" a11 che 

as ??- 8 r 

^ cy ana emissivity 
elements Ve A h hJat C t anSfer Was aD P li ed on all 

simulating a very coe s£icient of a BTU/hFf ^ Surface 

r? c : mperacu e ■ 

« Phase out-of. 

32 .** 

LO tne external 

Figure 1 shows the mean - 

105”F. The mean bulk -f occurs whe " tL'air'tLnL' The fi 9ure 
ac 30 minutes mithi’s ””'” ture , of Che propellant JuV'” la at 
maximum. - - ««un the specificati^nH^/^^ 

-he resuits for _ 

shown in Figure ! !h e hot motor ,T 

-he air temperature ; s snows that the worst "' r ‘ itlaI ~ 13 °° F ^ are 

propellant will v- ea U f V _Jr • The mean bulk tercm ase occurs when 

the specification Um % 30 ^nutes whil ^^^ 6 of the 

1 ^ t or 12 O F minimum. ~ s also within 
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TABLE 1 

Solar Constants 
'.From Reference 1 ) 


Month 

Declination 
( decrees ) 

JAN 

- 20.0 

FEB 

-10 . 8 

MAR 

0 . 0 

APR 

11 . 6 

MAY 

20.0 

JUN 

23 . 45 

JUL 

20 . 6 

AUG 

12 . 3 

SEP 

0 . 0 

OCT 

-10.5 

NOV 

-19.8 

EEC 

-23.45 


A 

STU/hr-f!- 2 ) 

3 

390 

0 . 142 

385 

0 . 144 

376 

0 . 156 

360 

0 . 180 

350 

0 . 196 

345 

0.205 

344 

0.207 

351 

0 .201 

365 

0 . 177 

378 

0 . 160 

387 

0.149 

391 

0 . 142 
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£ROPELLANg 
Density = 


TABLE 2 

THERMAL PROPERTIES 


0 64 9 


ibm/i n : 



DINER 

Density = 0.044092 


K 


3TU/mi n - 

3 . 652E-4 
3 . 652E-4 


lbm/in : 


XemDerature(=p) 

0 . 0 ~ STU/m-i n- i n- ; gi 

34 q ^ • 333E-4 

131.0 2.333E-4 

2 . 264E-4 

alum inum cas ^ 

Density^ o.ioi lb/i^ 


^3TU/ 1 hm.°c ) 

0.298 
0.298 


— L3TU/1 bm- c cM 
0.361 
0.361 
0.380 



0 . o 

77.0 


100.0 


2 00.0 


in 

0.1218 
0 . 1248 
0.1260 
0.1302 


CORK 

Density® 


0.0177 lbm/in : 


Aerncerati 


u 


. o 


400 . o 


— — LBTU/m-i n- j n -=cm 
5.556E-5 
5 - 556E-5 



0 .202 

0 . 204 


0 .213 


g£ ^-^-_i3 TU/ lbm .o P , 

0.470 

0.470 
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From: 

B. S. Hammond 

Cc: 

R. C. Russell 

Subject: 

BSM Thermal Analysis 

Date: 

1 October 1993 

File: 

BH-099-93 


ZswnoI 'SSlSS^w >tease ftow response ,or * ** 

«to fexeO letter fs Zng vi^TuSB ,^ £ZT , UZarCto ' S ^ 
submittal date ." y S com P" ance <° our agreed 1 October 1993 


R. C. has no problem with this issue from 
situation to him. 


a Contracts perspective after / 


explained the 


concernsV°CSD ^mnmnJ eVi n W/COmment 0n Uzard0 ' s letter ■ return 

concerns to CSD, CSD to make changes if necessary or submit the letter 


comments or 
formally. 




NTERNAL 

">RRESPONDENCE 


UNITED 

TECHNOLOGIES 

CHEMICAL 

SYSTEM 


3: L . MURPHY 

•» : I. LIZARDO 

: BSM TEMPERATURE CONDITIONING, UPDATE (COLD MOTOR) 

I: R. HAMMOND, P. MELIA, W. HUPrERD, H. ZITZER, T. O'HARA 

October 15, 1993 
: IJL-14-93E 

jF j L) internal Correspondence, I. Llzardo to L. Murphy, "BSM 
Temperature Conditioning", Sept. 30, 1993, IJL-11-93E. 


*• two-dimensional heat transfer model, used in predicting the 
\n bulk temperature of the propellant for the cold motor, was 
—/dated by an additional heat flux source and the removal of an 
'tra heat loss term. The corrected plot is shown in Figure 1. 

ie additional heat flux added to the model was the reflected 
alar heat flux from the ground. This flux was applied to the 
ttora half of the motor. The additional heat flux was calculated 
•°® an assumed albedo value of 0.30, a calculated incident heat 
lux (direct normal solar flux, I DR , Reference 1), and a solar 
sorpt .vity value of 0.33 for the white paint. In other words 

Hea". Flux » pain, * albedo * direct normal solar flux 

correction was also made to the modal. The present model had 
to heat loss term: 

1) heat lossl - «x « w , liilcw t , np T\. u 

2) heat loss2 - c , #Ur t 4 w . u 


ie first heat loss term (with the low tamp emiss*0.81) above was 
iplied to the entire motor. The second heat loss term (solar 
aissa0.33) above, which was applied to the top half of the 
tor, should not have been included, The corrected current model 
.minated the second hsat loss term above. 
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INTERNAL 

correspondence 



UNITED 

aSBaf"* 

SYSTEMS 



P. Melia 

cc W. Hufferd 


BSM Plating Flake Heating Analysis 
dt March 78, 7993 
no PFM-07-93-E 


mermaj ar 


zinc/ntckel alloy platings. W '" ^ "tentative of the cadmiutTand 

Previous thermal analyses, as well as r„, 

are during motor Opel 0 :~ e re indiCa ' e b °* h «*» 

8 ° f ' he removed <«yer as i, transitions the motor ana ' ySiS address « «>= 


THERMAL MODEL ASSUMPTIONS: 


ID modeling 

convective tod a ra^,?vfhX b0(h (ex “ pt as ««) 
surface absorptivity varied 0.3 to 0 6 

Safvelochv'aoeT?' ‘° half ^mber gas velocity 

flake residence dn^S^^ , -" d ‘° M = «•« at af, end 
than .001 seconds PProximately .06 seconds, in nozzle less 

Bartz heat transfer correlation for f-fTc ( 

it has a small effect) ’ somevv hat arbitrary model but 

in,y a !7/ r ° m A4 ° 3 Elation 

ial flake temperature equals 700 P /v» v 

nickel properties used as reported for r P “ n ° ted) 

perturbed values at higher temperatures (K,' Cp! denlityT W “ h eS ' ,ma ‘ ed 
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In the course of the analysis, it became apparent that, under best estimate assumptions 
of absorptivity, all of the flake vaporizes abruptly at some point in the chamber. 
However, under the assumption of worst case, low heating estimate of lowest possible 
flake absorptivity, the temperature is above the normal boiling point but does not produce 
a vapor pressure greater than local total chamber pressure. Since the generated pressure 
of the metal vapor is thus far, far above the partial pressure of the metal in the product 
species gas, there is a significant tendency for diffusive loss of material from the surface. 

It is difficult to predict these "evaporation" rates analytically and so an alternative 
evaluation criteria was used. 

The particle residence time in the nozzle is so short (order of 0.001 seconds) that little 
additional heating occurs. The static pressure drops very rapidly however, and reaches 
the vapor pressure of the flake at which time the whole flake vaporizes. Thus the 
mechanism for abrupt vaporization of the flake can occur two ways. In the chamber, the 
flake temperature rises until the metal vapor pressure equals the chamber pressure.' In 

the nozzle, the local pressure drops until it reaches the vapor pressure of the flake at 
chamber temperatures. 

The temperature gradients within the tiny flake are so small (about 0.001 degree) that 
essentially all the zinc is lost at once, suggesting that breakup of the flake is likely at this 
point, although not considered in the model. 

THERMAL ANALYSIS RESULTS 

An initial baseline thermal model was run that was felt to be conservatively low in 
predicting temperature of the flake. Several parametric variations were also run to 
determine the sensitivity of the model to the basic assumptions. These are each 

represented by a transient temperature history plot, figures 1 through 5, and summarized 
in table I. 


The baseline conservative predicted response is shown in figure 1. Even in this 
conservative model, the flake exceeds the one atmosphere boiling point of zinc halfway 
down the chamber. Because the temperature gradients are small and flake sizes small, 
material properties have little effect. Most common metal properties give results within 
10% of those quoted. 

Although no model was made for a cadmium flake, it’s response would be very similar 
The cadmium flake would melt off at only 600 instead of 700 F, but would also boil 
about 250 degrees cooler so that the vaporization for the slightly thicker cadmium flake 
would occur at about a comparable region within the chamber or nozzle. This would be 
true even if the actual absolute velocities and heating rates differ from those in the present 
model. The main difference is that only 85% of the zinc alloy vaporizes at this point 
leaving a 15% residue as initially solid nickel that is likely to melt later in the chamber. 

Figure 2 shows that the results are not greatly changed even if the alloy flake comes off 
immediately upon ignition at room temperature for some assumed but unidentified reason. 
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6 . 

7. 

8 . 
9. 


is assumed to H and remajns so unies s the flak 

conserve, v ely Iow value of 0J J s ™„, y in , he m J e ** 

- -• - 

up" into a P ball or'elsf "■ breaking m"’ W !* e ' her ‘ he effecls ofa large flat flaJce Volf 
temperature history significamlv T J ° ' nan - v P icc « would chanse the , ™ g 

0.0^ by'cro^l'by 0.0004 

0n Inal temperature was smalJ. ar S er or smaller condition. Still 

CONCLUSIONS 

change the overall b “‘ d °« 

2 - Radiation is the dominant heat transfer. 

' Convection is a minor effect. 

Thermal gradients within flake are negligible. 

strong effect on ° f lhe nake ° r Panicle do no, have 

Other material thermal properties (V r ^ ■ 

properties (K, Cp, density) are not critical. 

Initial flake temperature has little effect. 

5reak ^ ^ d ° n0t ChangC temperature history greatly. 

rr^a“^ r - 

e gas velocity, which usually requires that thf a rt 0^ l Ze i , ° r VCry near, y equal 


not 


4. 


:e 
non- 
are 
to 


3 
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the aft end or zinc alloy both vaporize at 

? "f- 

££=* — »* -*■ 

Even assuming an initial flake that ic ♦• 

the res’d X T Um i, P,ating thickness ' that survW^th^SS^J 5 tlmes as ,on S as lt is thick, 
the reS1< ^ Ua nicke i somehow, eventhoughTm a / b h e/f 0 ^ ap0ri f atio \P™ces s , and that 
c vaporization, managed to coalesce- even »h 001 3 lc i u ^ immediately after 

particle would be produced ^ CVCn then ^ a 2 mil (50 micron) diameter 



Peter F. Melia, Chief" 
Aerothermal Analysis 


< 2 ^ 


ba 

Atts. 
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SUMMARY OF THERMAL ANAt Ysrc p..m<, 
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Figure 3 
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c^nd J. CT 22 2. t S v * 5 

manufacturer . 
quality a reu' 
Q UAL I F I CAT I 0 \ 
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aste epcxv adhesive 


— AS13NA/L-3 ) 


ts beina 


ised to bond ESM t'^rc 


'his report detU'~s~rU £C f n " 1:iUed b ^ “he 
see tent as outlined — ‘hc- - C UU 1SS P erf =r:ned 
OF REPLACEMENT Svctfmq PLAN FCR 
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aueriai. The candidate a^esiU r evaiU5 “ e aga 
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INTRODUCTION 


production of -AS13NA/T - 
cr availability c- - -aviiNA/L- j aanesive 
Cr« T-frp,^ til* c ~ a Ke y ingredient (2 4 

system is cu-re-*-\“bi^ curatlv e component 

™L-? e ° ln _ BSM closure 

.on is 
'here 


dexter Hvsoi 
system due to 

oiammoanisole ) ir 
~ t * - o. i s a dh e s i v e 

a '‘‘ i ' v,4 ' — ^■‘■*1 i-er assembi ■? — £ '■nu^ _ . . , „ _ 

SE1375 "Adhesive Bonding Nozz^mS*- 1 ® ■ prccess s Pecifi ca 
is no existing material 'specif italic - igniCsr Assemblies". 

A previous literature s-udv - 

nse in similar applications Thes-Uf ? adhesives Prooosed for 
-^mparison of manufacturer's stared k * ranJced based on a 
viscosities, and whet he- male-i-l « fccna . strengths, pot life 

' -° nS **°r any aerospace wli£SESt“ 

Goodrich ' s !“f ‘ Hyscl ' s »»901, B.F. 

proaucts ne''* : pmano Q b gray. Th“ n - ~ „ - . . 

i c • . . Je -‘Ormance was acceotabl^ p„. al ■ n ~ ° ■ c ■ Gooaricn 

--.mitea pot life (90 minutes'* imU eliminated because of - ts 

•Decause cf its siighciv "** eli ”^ed 

...mute* pec rife. The Hysc' LPesni - re ngchs and limiced (90 

was CSD-s choice co evaiXA 

test. 3 m a side-bv- 


n c *_ ' 

-nese , 


side qualification tes 


-sst plans were drafted bv cep ncc- 

repiacemenc for th- EAsriva"- 4 SB *' ana NAS A to evaluate a 
■dSBI created a fouAS Ad S'*”*- »» these tSrJe oLns 

as the replacement cace?iai' Ab “ evaluace EA9394 adhere 
? la n- ^ - SD was contracted to execute this 


:hx 


his report outlines 

-EST FLAN FOR QUAL'F TrsT'-nM^r. 1 " 00 ^ place as descri 
3NA/L- 3 dated 3-19-9^* ° F REPLAC EMENT SYSTEMS 

' AlL^ C ? r . lals “d Prccess 


FOR 


**. -scribed 


-ngmeerin 

acciviri es 


0 O0 

OU CL 1 1 \ 

soeci: 


- o c: - 


group performed s*n ■ r , is and Process 

of this* exercise 

0.0 C S 1 i on ua >-L*- . .. A 


^Derations as regu^!^™” J= 


CSD 


«i . u 


TEST OBJECTIVES AND SUCCESS CRITERIA 


-:.e primary objective of t^'s • 

aanesive system to repiace“EA9l3NA/- C ° qualify a ^w 
...otors . Tne igniter rina i^sulato-^h-cs^b the b ? OSCer separation 
motor assign and the aftVolu^ ? deleted from the 

cnangea to a direct vuicanitat^o- ^nro^oc Cr b ° na system hll be 
anctner test clan. Tr- ^ 0 P cc “ s ! ana addressed in 

"adhesive^verafi!? ^. this P la - will 


l ;aa ^' L t y a . re P^acement adhesive system ■=->- ~u 

art closure bond, the q 1 ass -hpnnr^'^ 6 graphite throat 
nousing and ignicer grain fed Lnds -A ;" serc c ° igniter 

/ ana --he repair of the NBR 


to 
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-HSu 


closure bond. 


The success criteria was identified s~ - - -ho „ • - 

testing of the new system against the^oid ^ ^®v»als'’ l '^aua :D 'C Slae 
netter tnan " results, the ZA93S4 material ^ £ s ’S*;, 5 . Cr 
-here is no success criteria for the repair bond? 

qUallf l' " new solvent/cleaner svstem 
( ME K j * "“ i - lw ^“ ecnane ^TA and methyl ethvl '«r; no 

Tlie Surr ^ cs Preparation for all bonds use one* -- 

t*:, f”° soon co be restnctea solvents. This object^™ wi^*' 
xuaiify an environmental 1 ir . J * ' - kVl - 


:o be used as a 


, . — o.<_w = wi auiver.ts. u 

qualify an environmentally friendly cieane: 

systemT C fhi n SScc2sS r c?ic«ia n f 0 ?% his^cbje--? 
ciSJJJrfsr. adhesive system when prepared using the new 


3 . G TEST PROCEDURES 


3 . 1 TEST CONFIGURATION 


-free categories or specimens were fabr- cate-' 5 -For t-hi<? - 00 - 
Baseline, Candidate and Agincr SDec^men^ Basel i n P \ PC . w ' • 
-MjprocMMd for each combination eo^^ST* 

p-;p-y ay : . Candidate specimens were processed 
C uhe Base - lne specimens exceot the Candida-- 
aahesive system (EA9394) and two environmentally f-ie^dlv" 
Cleaners (Jetcacin and Reveille) were used “ ripGcemer- c- ~A 

sIec - imeSI ClmenS ?rocessed identically to the candidate" ' 


The sttsrrate combinations were isostatic mold-d ami - v ..- n4l . a 

COnversion coatea aluminum to represent the 

r; fr‘2r~ ~;i*:?“i'"2' a±u, 7 li r* um Ci ° sure rend. Glass ohenolic bonded 
r : ? aSSlvac ed stainless steel specimens reoresen- 

-grater nousing- to-pnenolic insert and chenolic* insert -to*- icrni*-e*- 
gr=i i; roc oonas . NBR rubber-to-7075-TS conversion coat^ " “ 
aluminum peel specimens represent the renair interfaces o~ the 
now vulcanized aft insulator to closure bond. ~ r " aces tne 


The substrate combinations were tested 
iw209 a; , wit.n 1.5 inch diameter flatwise 
geometries, shear (ref. ASTM D3164), wi 
sandwicr. overlaps geometries, and ceel 
inch wide 180° peel specimens geometrie, 


m tension (ref. ASTM 
tensile specimen 
-b single 1 . 0 scruare inch 
(ref. ASTM D903;~, with 1**0 


c 
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wwixjjix'xON 


ij. CITIES 


and 4 8 ^ard^64 ^ C ? stin 9 operations ~ — w - . 

specimen^, ■ SZ'S^S- 12 «* W 

specimens were seated -- .'bU 5 ° F end laob-s^' a J° - cea: 

i?F - f ~ 

cai^n geometry . a sacrif icia' 

Surface Dr°ri^ ra 4 

^^para L ;on t 

- e - e aS :oaows: 

BASELINE SAMPLE PREPARATION (EA9I3NA/L-3 ) ; 

ATJ GRAPHITE: G-ach^ -- 

400 grit eme^v nanatt -“Vi-g surfaces we^ n at ,j - 

with IsocroDv^ - - if ' - “" er - wiped with o=~ “pf an ? acra ced with 

• P y * ‘ ,iCono *- R >™Ple cloth dampened 

ALUMINUM: Aluminum *a ' 

Sh ?%? a °f aded »i«» so-so 

nioroethane. - R y"Pte cloch dampened 

PHENOLIC: Phenol'- f ■ 

Ryrnple cicth damcined wit*? f u f f f css . were cleaned usi-a cl* 
abraaed wi^h dnn* ^ -r-*-#! cric’n ■ n^ ot .* h ^ i clean 

cloth. °° 3ric «»ry paper, "df tnane then, hand 

an. -nen wipea dry with Rvmple 

stainless S-'E-L- Sf - - 

*-Ple Cloth Lmpene^r^K 3 ? ~ d f ned u sing clear . 

CANnms^ „ na ne. 


CAOTIDATE SAMPLE PREPARATION (EA9394)';' 


ATJ GRA D “^mTr. ^ , . 

4 op . 'orapnite f av ; na cnv-p 

dampened - th « AwneS "" SSL 1 ?* ?"aded with 

w lce W ' -- -“T - s °Propyi alcohol, low** ^? le cloth 

a — ear. Rympie cloth. ea immediately by a dry 

ALUMINUM- aivnim 

. Aluminum tavr — — c, Iv .t, 

campened with j e ^-L- w Jr t aCes were wioed with rl^ a D 

clot., dampened with deio-^zed leansr bellowed bv a* clean r * Rymple 
wane 1 " wi _ - u “J-Oui2ea wat®^ y <=*■ ciean Rvmnj p 

Then the" surfacl= W1Pe WaS F er t ormed wilt c ?hn e i Y f °Uowing the 

followed bv " w?c- “! re ■ nand ab PBded with 60 -fo fP'* ym P le doth. 

. -P-n. c. ciean dry Rympie cloLl“ S lr " mea:La tely followed by 
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- j. ^ : Phenolic fav'^^ ^ ^ 

cicrh dampened with Reveill^^* -"***' W1?ed Wlth clear. Rvmo 
uh - ? e W1 -h Clean ary Rymoi^c ^ ' -^~ owea immediately bv' 
har.a apraaed with 60-280 Si^em^v ^ Tne . s F fac *- were th^ 
iir** c ^aa Rympl e cloth damc^^h?:^ -plowed by a wid-a 
-n iS step was immediate'- Rs Y eiiie cleaner. ^ 

Rvmpie cloth. -^^owea ny a ary wip lng of clean ' “0 


STAINLESS STEEL- Static, 

cicth d^penli "» wiped wi 

— °- s -y °Y a ary wipe „ irh cieSrtV. V le ? ner ' followed 

<-iean u rv Rympie cloth. 

N3R RUBBER: Bukhov- ,c_ • 

cloth dampened with IsSSpSttccLl ^ 8 Wiped with clean Ryrr.pl 
Aj ’ “ . s *■ aCe s were allowed to a ■; r- „„ 

apyi-w.a.ion or adhesive but r ‘ lnu ces minimum cric- 

— - n ? sr =nan 45 minutes. * 


J . J 


TEST SUPPORT 


REQUIREMENTS 


" ras - 1125 Iwtren Tensile‘~es?e° ^ c SPeCi, " ens “ere tested on a 
separation rate of 0.05 inches De^f« 0, A cross dead 

oW-t: r, L Peel where 12 . 0 in? bs'o'b^i ““ UMd for ail oasts 

Shh: rOSSnead ^eed was usS Was used Spending on 

~uwC_ west temperatures. «umidi aigicators were used to 

tests only. -wUmia^y was monitored for ambient 


4 • w. SUMMARY OF RESULTS 

B aseline v s . candidate 

r On n ' ~ _ 


and f 


3. t wi s s 


that at 75 0 F the two 


i£f:- e; aa “ a - from tabTes" 
adhesives are stronaer than r h<3 , 

canoioate indicates'a 7% rostrate. At 130°F the 

undetermined change for fiatwi?* f™': aS % 5 or snear and an 
wlatwise specimens that failed at ^ 6 ? ^° F aata - The 120°^ 

-Vaiuats the orimary al^ni-mr w ‘ e . seco ^aary bond do not 

only know tha 2 the pri^bo^d if, Sf 8 bo ? d ' Therefore 
suspected that th<=* sp^phL “ greater than this data 
specimens should* have been*- • loS^ (EA93 94 } for this set of 
temperatures. The aLoS lo °** « rooS 

- testing, all other seconded ^ a P ~~ 


IS 


7 
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Bn , , 

shear and 

”" d,da « adhesive (EA 9394 , has a « v '“' ' ha ' " 75 «*«S F .he 
'" nanv,se 'ensile a 3 % decrease in kL . ar srren 8 ,h increase and 
"o ad hesives show the candidate adhesive 1'!!^' At 130 de ® F - lhe 
shear s ‘ ren?th but ^ ■- t -e decrease - 

aauftrt ^nrffr. m . 

Panels ar.d *«*» tabl. 

sssrsg-, «? toe- h »-^ c %j 

purposes is “ndicions £« r »°' el °* ure unbond 

!?Pser. for ehrs^a'iia- ^ *> «Produci . '•£/£«»« ^ricacfon 

abrade one surface! J5 10R * Be «use it ^iator-to- 

rubber surface f- ~ 5n u nbond it wasVn«° C Practicable to 
surface creoIJa^ " ,e « pe . ei Panels. i?M S!*” noc . £o abrade th- 
was insufficianr °*‘ “ be ru hber (isocrrm ^ s Pfcted that the 

vane ic at e 


-ntenttenaliy ~ n shear. Tables c 

eacit aging i^?^ ~ A *2* 2 ° r . ^31 to V^, 7 have be ^ 

W1 *- age and test"— falcated -he aging^sDe^ COncIus -°n of 

u a - their facilities 3 5 specime ns which 


. U 


CONCLUSIONS 


the EAS13NA/° W 3 ' - - he cand f hate adhesive riq 1Q 
two systems f or *^ S1VS - Whe ^ comna- na^hf 4 13 bivalent to 
Pael at two t!k !-lf trSn?ths in shelr *£?„? aran,ec ®« of th! 
superior or infe-W ff aCUres nei ther syste! i!®! tensile ' and 

— - - i.- any single category prea °minatel y 
x ba secondary bond i 

specimens was c^nt-^h, ~ * eS observ ed in the f^ a ^ ■ 

?p n ?i;pin! pec ^->^^n trit 2 °°° 


8 
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cf 


P ata scatter rs a ~ 1--- - 

■~--e has rucber substrate Tho'nn".','' 3 i_c sur:acs preDarat’c 
cleaning rubber with er.vi-oAne-— 7: - ? ^° ven Preparation for 
technique used or. "B-sta^d" ^su^ = riend ^ cisane « is' tr^ 

fth “ 93?4 adhesiv ® ware 

to crscern cause c f fa thls pian - It is ve-y 
multiple variables. Som- da-a - ttSr wnen “Ians cotta r 

-eia-vef CribU - d t0 Variat ^ns ir/c ^anina^ ia this summary 

-eia^veiy smaxl nieces of mate-— - u 9 P roc esses (on 
aanesive variability. F f- ILZl^ su ^crates) , as well as 
constraint of 20 minutes minimum "^ a 4 ? eveille cie ^er drv time 

wnera fabricating laoorato-v tes ™^ 3 maximum may not 
- a preauction scale D-oc-sq ~ur tSSu s P eci mens in erde- 
cleaners into production it mlv J'r, * lncc rporating thesJ 

tnS accual P a — geometry and process^ fiow^^ dry tlmes 


6 . o recommendations 


rs recommended that 
structural and nonstru 
report . 


EA9394 adhesive system be 
cones as described 


used for BSM 
in this test 
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appendix 


A 


-ai-iCn 


Daca 


ary 
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EA913NA/L-3 £*9394 


EA913NA/L- 3 £*939, 


ADH/COH 2 


34 

COH/ADH 


~ 10 0'S- cohesive 

-ailures occurred near"*-*'-- ( ? ra Phite) . 

aanesive bondline. 

ADH /c O k = Predominantly ad"-s^v<= f -i 

aanesive and the alurrrfur nf failure, between the 
tne graphite substratl ° partlal cohesive, within 

COH/ADH = Predominantly * ■- 

-;- s graphite, and D a>-- : - r~l‘“ e manure, within 

aluminum and the adh^sl^ . aaneS ~ ve failure between the 


551 



test temp °I 
adhesive 

individual V 


average 

STD DIV 

failure modes 
N otes : 1 


TAB Li E #2 


75 


EA913NA/L-3 EA9394 


3 !*• *5 

4103 


4 i J ^ 

3650 

4244 


2 8 3 0 

4131 

A ** — 

3 622 


3 2 2 6 

4726 

3707 

,-t *; r«, -5 

- — w J 

3 9 n c 

43 5 3 



2 8 01 

4 016 

2 6 03 

4016 

2971 

3976 

3472 

572 

542 

COH : 

COH 1 


130 


EA913NA/L-3 

EA9394 

3282 

1669 

2999 

2264 

3056 

1188 

3113 

2037 

3022 

2547 

1585 

7 A A 

2739 

-L 4 3 

2264 

3113 

2943 

3339 

2 06 6 

2632 

1868 

2984 

1932 

265 

501 

COH 1 

SEC 2 


COH 

SEC 


-00% cohesive wit: 
Secondary bond fai 


in the 
lure . 


substrate 


(graphite) . 


12 
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BASELINE AND r a *m^ TABLE 

SUMMARY 

u TEEL IN SHEAR 


TEST TEMP °f 

adhesive 

INDIVIDUAL VALUE: 


75 


EA913NA/L-3 EA9394 


437 
466 
698 
66 1 
7 


AVERAGE 
STD DIV 
failure MODES 


60 

601 

690 

672 

758 

565 

618 

202 

ADH 


778 
744 
716 
732 
633 
/ / 2 
705 
53 8 
965 
535 

742 

114 

ADH/COH 


130 

EA913NA/L-3 


EA93 9 


561 

493 

463 

554 

605 

635 

445 

604 

586 

577 

552 

64 

ADH 2 


Notes : 


* 1 


specimens failed near 


762 

547 

392 

410 

354 

6 69 

314 

693 

692 

520 

171 

ADH/AI 


:he a dhesive bondline. 


• ADH = i o 0 2- DOn dlme . 

* UiJ o adhesive , 

3.ass phenolic substraci bet " een the adhesive anc 

ADH/COH — p 

adhesive and e rH min f ntiy ac ^esive f a ii„y. 

-hesivel ^hin' ^“p-ia h 

adnesive, bet „ eer . ,, e 


13 
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SUMMARY 

tensile 


TEST TEMP °F 


75 


ADHESIVE 

individual values 


EA913NA/L-3 

152 8 

1217 

1641 

1387 

1415 

1443 

1500 

1556 

1613 

1684 


average 

STD DIV 
FAILURE MODES 


1498 
139 
ADH 2 


EA9394 

13 58 
1556 
650 ’ 
1523 

1528 

1535 

1585 

1415 

1302 


1459 
124 
COH 5 


130 


EA913NA/L- 3 EA9394 


905 

990 

1075 

1160 

1075 

1075 

1075 

1132 

962 

1104 


84 9 
821 
1217 
962 
1217 
1217 
113 2 
990 
990 
1047 


1055 

79 

ADH 2 


1044 
148 
COH 2 


N 


(jcss : 


specimens failed 


near 


ADH = 
glass 


100% adhesive failur 
phenolic substrate. 


tne adhesive bondline. 
- between the adhesive 


and 


— “ = 10 0 % 
substrate . 


'hesive vv’ i i 


_ne glass phenolic 


- a -cx not mcludec 


averaae . 


14 
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BASE11NE ~ 


PANEL# /TEST TEMP °F I /75 
ADHESIVE EA9394 

individual values is. 9 

14.2 

12 . 3 


2/75 

EA9394 


1/130 1 
EA9394 


2/130 

EA9394 


JC.C 

3 0 . G 
24.7 




20 . 


11 . 6 




^ o ' , 

:rage 



' d i v 

± 4 . S 

26 . 

LURE MCE ES 

^ . 8 
ADH : 

7 . C 
ADH 


44 . 9 
79 . 8 

91 . 1 
SI . 7 

79 . 2 

75 . 3 
17. 7 
COH 4 


3 8.6 
74 . C 
51 . 2 
44.4 


56 . 2 

T 1 7 

ADH ~ 


Notes.- Specimens core (wit- 4 - -ho . u- 

before test was stODDed W du® r -- C r®ac:h^ PrOX ‘ 1/4 inch 
extension of the crisshead“ ~heSe maxirnum 

-ime test was stopped. ' ' d are - Deak values 

2 • All specimens failed -ea- -ho 

aanesive bondline . 

rubber substrate^" " ax ' LUre be tween the adhesive and 
— n _ 100% cohesive , within the rubber substrate. 
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TABLE #6 

*««S^?ES££ 

RHITE -ALUMINUM IN SHEAR 


years OF AGING 

adhesive 


individual 


T J 7S r r 

v nu o .b 


1 (1994) 
EA9394 


“5 


2 ( 1995 ) 
EA9394 


3 (1996) 

EA9394 


4 (1997) 
EA9394 


10 

average 

STD DIV 
FAILURE MODES 


years of aging 
adhesive 

individual values 


5 (1998) 
EA9394 


6 (1999) 
EA9394 


7 ( 2000 ) 
EA9394 


8 ( 2001 ) 
EA9394 


a 

7 

5 


AVERAGE 
STD DIV 

failure modes 


16 


556 



TABLE #7 


„ DATA SUMMARY 

EEL -GLASS PHENOLIC -STEEL IN SHEAR 


YEARS OF AGING 
ADHESIVE 


1 (1994) 
EA9394 


INDIVIDUAL VALUES 1 

2 

3 

4 

5 

6 
7 
3 

9 

10 

AVERAGE 
STD BIV 
FAILURE MODES 


2 (1995) 3 (1996) 

EA9394 EA9394 


4 (1997) 

EA9394 


YEARS OF AGING 
ADHESIVE 


5 (1998) 
EA9394 


INDIVIDUAL VALUES 


3 

4 

6 

7 

8 

9 

10 


AVERAGE 
STD DIV 
FAILURE MODES 


6 ( 1999 ) 7 ( 2000 ) 

EA9394 EA9394 


8 ( 2001 ) 
EA9394 


17 
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internal 

correspondence 


To: 

Fm: 

Re: 

Cc: 

Dt: 

No: 


%0 


[UNITED 

TECHNOLOGIES 

■Sr* ■ 7 - qJRtItS ^r^Zr'^ 

rO, ^ ^ l* r 


Terry O’Hara 
Bruce Goldstone 

Castor versos ATACMS Da^Base"' ^ ATJ Ma,erial Pr0 P e rty Comparison- 

Noffial; D ZT°’ ° M ° rr0W ' a S Kamen 

BAG-29-93-E 


background 

A review of 'new' isomolded ATJ /TS 17 qo\ * 

independent characterization test activities ™ f" al proper, >' da,a from two 
shows differences in properties that Ixceeri f ! 1988 '' erSUS ATACMS 1992) 
graphite. The manufacturer Union Carbide '7f"'h Vana,lons for ,his grade of bulk 
a Wgher graph, tizat.on temperature for ^ *" properties to 

source of the ATACMS mater, al . According, o^T® 103 ' '° ,S Which were ,he 
graph, t,zat, on temperature for the ATACMS mat T" arblcle ’ ,he hl 9 her 
differences in resistivity and would result in low ^ ^ COnsistent with the noted 
associated strengths. Additionally, Union Carbidl bT^ 655 '* 6 m ° du,us and 
production of isostatic ATJ graphite better mat h 6 the current and future 
* ~ with the material ATJ and 

~ — — 
the matenal property differences for the more renre^'T' ‘ h3re iS S ° me CPncern ,hat 
result in lower margins of safety for the throat EE rl 7 ATACMS material wopla 
conducted to assess the impact of the The followin 9 analysis was 

ATJ material. P3C ' ° f ,he d,fferences ba <ween the two variations of the 


summary 

Evaluation of the SSM design using the atacmc . 

factor of 125 shows a margin of safety of 2 68 tTbsm "" 3 ^ 

exceeds the design requirements. The BSM design significantly 


PRECEDING page blank not 


filmed 


559 



Terry O'Hara 
BAG-29-93-E 
Page 2 


discussion 


conditions, theVoat' ^seTres^onse ifalmosfeT* 1 th8t ’ ^ ** BSM ° Perating 

duration of motor firing. T he short burn time of the C ° mpressive for the full I 

development of a thermal oradipnt „ * f h motor prever| ts the full 

which, in this case, eliminates the bartskTtei^ T ,hiCkness of ,he #»»at insert, 
loading, in fact, the bore surtax J the T r l S '°" chara «^«c of thermal shock 

seconds) is only 3,000°F. Bulk graphite mater T** ^ Pr6SSUre tail ' off (about 0.9 
tensile stresses. Since the BSM environment nm ?h Pf0ne t0 fr3CtUre 35 3 resu,t of 
of this evaluation was placed on the next critical r^ ^ ^ C ° ndltl0n ’ the em Phasis 
the I D. As was discussed in an earlier analysis (rT^LT^ C ° mpreSS,0n 
the insert is dominated by restrained therm J * f 1 ’ h h °° P strain at the I D. of 
independent of modulus. 1? eXPanSi ° n ° f ** 9raphite a " d *• 

expansion of the material at the associated^enf™^ ^ eqUlvalent to the free thermal 
expansion behavior of these two materials is ^ A COmparison of thermal 

the WG (hoop and radial) and AG (a ! 2 thermT" ^ 1 thr0U9h 3 For botp 
can essentially be treated as equivalent consirt eXpans,on data ' the two materials 
Therefore, the compressive hoop ** d3t3 

m/in. n the , D - of the insert will be about 0.0075 

According to the initial analysis /Ref iho ■ *■ 

compressive stress is just prior to mm ’ •. ' me frame for peak hoop 

evaluation all available data for both t? ^ ° 9 Seconds - For this 

reviewed. The ATACMS characterization' 'mat^ C ° mpreSSi ° n pro P erties were 
matrix associated with the ^ C ° mp,6te 33 the test 

correspondence of all data. A cnmnf ' ° ‘ S n0t 3 one -t°-one 
The difference in the modulus data is most nron* aVa ' lable d3ta is shown in Tab le 1. 
material modulus was about 75 percent of the ?°T 3t 7 °° F ’ Where the AT ACMS 
difference was only about 3 percent ThP f C !? t0r mater,al - At 5 .000°F, the 
trend, where both the with-grXwG) anH 9 ^ ^ 7 °° F) Sh ° Wed a similar 

-CMS materia, was abo^ 75 ^ 
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COMPRESSIVE 

PROPERTIES 


Temp, °F 

Press Molded 
'Old' ATJ 

Isostatic 

ATJ(Castor) 

E c(Psi) AG 

70 

4250 

0.76 

0.77 

1.33 


4500 

5000 

0.64 

0.38 

1.34 

0.70 

E c (psi) WG 

70 

0.97 

1.37 

CT c 1 e c AG 
(psi / in/in) 

70 

5000 

8600/ 

11500/ 

13245/0.0504 

8625/ 

CT c / e c WG 
(psi / in/in) 

70 

8400/ 

12935/0.034 


Isotatic 

ATJ(ATACMS) 

1.03 

1.03 

0.68 

1.19 

10037/0.0368 

9807/0.030 


tensile properties 



Temp, °F 

ATJ 

ATJ(TS1792) 

E t (Psi) AG 

70 

2000 

4000 

4250 

4500 

5000 

1.18 

1.28 

1.59 

1.57 

1.53 

1.47 

1.35 

1.44 

1.17 

0.86 

E r(psi) AG 

70 

1.70 

1.43 

CT r / c T AG 
(psi / in/in) 

70 

2000 

4250 

2935/ 

2745/ 

4720/ 

4777/0.0039 

6720/0.009 


4500 

5000 

5100/ 

4490/ 

72 08/0.0290 

CT r / c T WG 
(psi / in/in) 

70 

3355/ 

4438/0.0044 


ATJ(ATACMS) 

1.48 

1.69 

1.29 

1.29 

0.57 

1.63 

4245/0.0036 

6535/0.0211 

5801/ 

4326/0.0043 
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(Plane strain) th^ properties, a one-dimensional 

Two analyses were performed' one usinq the Cast 8 T* P,an6 ° f thS graphite <nsert. 
second using a modified version of those orooertie ' !, ^ PTOperties and 'he 

Smce the basic thermos, ructura, response 0 7I h '1 9 ATACMS data 

compressive stresses onlv thnc« P h9 throat lnsert lnduce s strictly 

points from the ATACMS testing, atTo^'^lZ^OOoT^' USin9 ’ he three data 
modulus curve was developed using a constant ratio of ’ eS,lma,ed com Pressive 
temperature. The modulus values used in the propertles as a function of 

the WG and AG properties are nearly equal the T ^ S ' 1 ° Wn ,i9ure 1 Since 
these directional properties The temoprat 3na W3S simplified b V equating 
establish a compa^n with * 

ANALYSIS RESUl TC 

The results of the ID analysis are shown in the table below. 


Material 

Model 


Hoop 

Stress, psi 


Hoop 
Strain, % 


Castor 

-13430 

-0.00779 

ATACMS 

-10880 

-0.00784 

Difference 

1.23 

0.994 


O, the modulus vaTr^s f ,he ra "° 

change in margin of safety On the other h e ™ PeratUre range ’ the result would be no 

"" ~ « - comprerehtp ^ 


562 



Terry O’Hara 
BAG-29-93-E 
Page 5 


~ ~ ■— , 

0/ modulus. Unlike the strength data the JLT " ^ ' S lndepe "**ht 

ATACMS material showed a fairly significant ® Compress ' ve strai " capability of the 
Castor material, to 0 0368 in/in cZT l ° m ° 0504 ln/in - * ° ' the 

(,r0m Re, ‘ 1 >’ the capability of the materia, sth, £ "deeds KeMu T ° °° 8 ° ^ 
a margjn of safety of 2.68 (FS = 1 25) nduced response with 

BSM noale efvlTifS ATJ ma,erial shows ,ha ' 'he 

bulk graphite was designed. The operatino cha v,ronment s for which this grade of 
development of sufficient thermal loariin ^ ractenstlcs of the BSM prevent the 
throat insert Considering .T T',''" - Sh ° Ck C ° nd '"°" ,he 

the ample margin of safety on ultimat ma 8na versus induced response, 

of properties (i.e. press molded ATJ and 'is" ^ ^ mat6rial within the range 
materials is acceptable for the BSM a PP “ CaSt ° r ^ ATACMS ATJ > 0f 



Bruce Goldstone, Chief 
Structural Analysis 
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Toaptrmturt *F 

Figure l Comparison of Both Wlth-Graln and Across-Graln Ther- 

mal Expansion of Billets ATJ-01, QEr4 and QE-5 from 
Room Temperature to 5000 °F 
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2000 


4000 


Figure z T «®Per a cure - ° F ' 

of ATI aod a L Graphite to Hishmcai 
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Figure 3 
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Figure 3.4-10. Compressive Acrou-Grain 
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^•b'mba anet EH34(94”1Q) 


FEB 3 1994 


TO: 


FROM: 


EE11 /James D. Smith 


EHOI/PauJ H. Schuerer 

SUBIHCt: 


thro>t <* *• sow 


Evaluation of the r ._ 

Rodcet Booster (SRB) Booster Separation Motorem^cTT UUDat °* toe Sol 
?® P 0 ® 1 ^ 011 the Materials 4c Processes Laborato^?!^ beeB com P let ed. It is 
thenew process will perform acceptably ^ * ** ““terial produced by 

«perts in the gr.pWtTmTtSel indud f d “““dons with 

slurry molded ("oldT versus the f ,**" matEniU Properties of the 

evaluation of the acceptance ££* “ d “ 

When evaluating the material properties of - 

Castor IV and ATACMS data bS2^ e eval^tS ftJrtT 1 * **“ 0ld nuteria ^ the 
data provided by CSD/Union Carbide and a i 9 6 ?l>^J® new materia ^ and the 
°i d ^ old data consisted of the Union CarWrf rep ° rt Wcre ussd for the 
of a Union Carbide 1987 test series, and the 1963 data sheet ' die results 

Air Force report was used in the orizinal ^ Foroe report The data from this 

properties were in the Air Force rep^makfot ^jf ys “\ °f th * old d * tSL ' the West 
The highest properties were in the^987 tet^Ls. analysis conservative, 

would indicate improved test procedures 

“ — * - th. 

Laboratory personnel knew of the ATACMS Mat f ria ^ s and Processes 

the Army and it was made a vailab le for »w* *? ^ rom previous discussions with 

^ highest medianicriproiw^a^f «valuatioii. The Castor 
specific resistance was ** but * »- discovered Uu 7L 

ATACMS study were lower tST^^rh?,?"^ *"*■*- from «hT 
Air Force study and the UmcmCaAkte *“ both those of the 

Union Carbide 1987 test series data. SuamLw?' *?* sU 8 h tly lower than the 
Process produces a material wiSf^pS^^- 8 5* ** comparison, the isostatic 
molded material. Tie petiormanre^l^^^f^^ ^ 
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'"■c n C N i 


‘0 CSD 


.007 


of speaficaaon, CSD 

both - This review showedthat while the rml? °° m P Med *• results given bv 

Z.tf'ZT te 

«al)«is. The high specific resistanreoffte tiaa *« original 

SSSS* ""i**-* Based on om to a lower 

JrtrasiTe background with characterization of t ^ we bave an 

£•*£» specific resistance material woulddso Sw h?' T***' ** ex P ected that 
properties i, which is consistent with th^*, Jr° ^gher mechanical 

?'2?- the fet year of prSL££ —« *» produced 

Carlnde several years to fine tune the proc^^ ° tateriai * Ittoo * Union 

comufoii a the 

Parfonned are the following: ffcnsity spe^ESff' *lf accepQnce *«* 
uwpecuon, alcohol wipe, and W *“®gth, ultrasonic 
mdustr y experts it is behaved that, whh^AtiH^^ 1 ^.*" 8 * 7 discussions with 
rests may improve our knowiedre the teB OT modifications to current 

density relate to the SteS?* •* « adequate. ThT 
speqfic resistance relate to the ** n 1 **^ has seen. Die 

strength is a mixed mode failure and not uS fr^f?J e 'f P * r * tura - neural 
compared to the large data base of resSte^^^fJ Ml, ^5 1 P ur P os «- but when 
of the material strengths. UirasomCdw^lv!!?^ " mdrator of the "goodness- 
do® 1/8- in diameteThe ^^peS^d^T? 1 deft <^P^Z- 

packs or defects. Die purpose of P^d andahohol wipe will find surfed 

I"* 11 ? d f" onstra « *at Shfotch the material 

tested. The processing is what makes the nut*»ri*i«L .°* er batches produced and 
evaluate properties which relateX^t^?^ g? 1 ^ ^ acceptance tJT 
good indhadon of the consistency of the rnaterit^f^i^Xn ^f^ dy P”™* a 

$£Z*ZZ - ^e ,„*** dam bu, 

example, the Castor data set had spedfie^^Mre to com P let * For 

«panaon specimens while the A^^«j^^fl P ? ,pe,1ies for thermal 

ma terial . Density was evaluated, but all the £ ^ ata wa * found for the old 

no correlation could be determined. A test rnfferiJ*** wl?”* 11 enou 8 h band that 
correlation developed. However, it ^the S reODnunend «i and the 

^oratory that such a correlation is not *** Pnxesse# 

effectively used elsewhere necessary and program funds could be more 
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graphite material, thorough evaluation of the above infor mation , and carnal ** 
these to the environront this materiel wlU experienotoSTrakt^TSS^® 
tot03 stands andthe graphite reaches a maSntum surfaTte^^ 

Graphite is processed at temperatures in excess of 4500*F and the 

wffi’r'Sfr tatenuJ load “>8 until the material rraciST™ 011 

“ typically a major issue with graphite, but in this 
ap plicat ion die ATJ has insufficient time to develop enough ther mal stm* _ . 
concern. Due to these factors the ATJ graphite’s aSSSfes whether to eate 
•sosatiouiy molded or the slurry mohSTara 

The purposes of this memorandum have been to document the findings of thi. 
review and to dearly state the reasons for the Materials and Process** t^ k- . ,7 °* 
pos mon-T he isostaticaUy molded ATJ graphite is eccepteblefo^toto^M’aiid 
fte acceptance tests currently specified in the SouroecLtroi 

^ »y further ^SSSL^SSL 


Paul H. Schuerer 
Director 

Materials & Processing Laboratory 
cc 

EEI3/D. Ricks 

HH31 / C McIntosh 

EH34/R. Qinton/T. Lawrence 
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Motor Assy, Final 
Motor case, Loaded 
Case/Aft Closure 
Case/Aft Closure 
Adapter, igniter 
Nozzle Assembly 
Nozzle Assembly 
Nozzle Assembly 
Closure, Aft 
Anti-Oxidant 


HX-752 

Nozzle Assembly 


part number 

B12000-14-01 

B1 2002-02-01 
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Lot AAY 
NCR 


VMRR 


DAR 
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010909 

813616 (superseded by B 19943 } 
B19943 
005044 
O11910 
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D14417 
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PPSPONSE TO tISBI CAR 659 


CAUSE: 

Tho rinn impnted discrepancy is a first time occurrence. Insulated closures P/N B1 2003- 
OS 01 S/N W0442 (FWD), Release Number MFGA 96732. and P/N B12003-10-01, S/N 
°0705' (AFT) Release Number MFGA 96733, were being processed per Matenal 
Acceptance Traveler (MAT) operation 0030 to bond rubber insulator to metal closure per 
SE 2073 as part of the Delta OualificaUon Program. Peel 180“ panel was processed in 
the same emvonment as the two closures. Paragraph 3.3.1.2 requires surface 
preparation, priming, adhesive applications, mating of parts and the temporary storage 
activities to be completed in a "designated" bonding room. The BSM designated 
bonding room was not utilized as required for the two referenced closure assembly 
bonding activities prior to vacuum hold and autoclave cure. 

ThP maskino taoe employed as part of bonding activities contained no identification that 

•Silicone'Free' material, violating paragraph 3.2.2 of speaflcaUon 
SE 2073 The masking tape used in the two Delta qualification units was the same as 
used to thedemonstration units and is CSD #80031 . No part number , deification was 
on me roll of tape. Verification of the support material is obtained via part master 
description No certification of the silicone content of the tape was available at the brne 
Of operational use. Verification that the tape is ''Silicone-Free* has been obtained (see 
attached) from the manufacturer. 

The reouirement to perform specific tasks within the designated bond room and 
«rifiS oT-Silicone-Free- masking tape was overlooked by the CSD engineer and 
TperSoS (Quality inspection is not required by the approved plannmg “ ™ 
operation in question) present at the time the operation was proceeding. The ,ns P®Pto 
does have mandatories within the planning package, however was performmg other 
in a seoarate location on site while the bonding operation was being performed. 
P^7 2 0^ ca “e°bond room requirement (see anached) under hem 12 of me 
pr erequi sites. Demonstration units were bonded in the same general area as me two 
Delta qualification units. The operation occurred on a Sunday while very little other 
activity was underway within the station. 

CORRECTIVE ACTION; 

, micm and D11927. were written to document the 

discrep n ancTet n describ P ed above and allow for Material Review Board (MRB) disposition. 
$£ ; tollwmg actions are being taken to correct the errors and prevent re-occurrence. 

1 1 Process Instruction (PI) 07.2.048.0 has been revised per Planning Change Sheet 
(PCS) No 040487 (see attached) to identify by CSD part number on the support 
m at p rials list and w thin the body of the instruction at the masking operations the 

use'd for the De,ta dualif,cation un,ts a " d "£ 
for a? future prod P uct> Q n parts. A second -'Silicon-Free'' masking tape has been 

called out as a back-up. 
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8 ) 


(Continued) 

raqu.re samp^eSfcn^at IhTd h"® been aaded Per Pcs m 
P ave teen used to process b °" b room 

Stamp mTbe'requi^ea on the T Number ’ Lot Number and Q 

Manufacturer's L ^ h ~~" 

'nspeafon Packages (RIP) 5° nformance have been adden 

~ ~ "»• «SKSrrassr! s '“ i sss 

- . 1 .. 

Part master descriptions for r<;n 

certification of "Silicone-Free" matendl m Umbers have been updated to 

. arer,al for any future orders P at6d t0 re Wire a 

p tra ' n,n 9 session to detail the brm • 

emphasis on the bond ,n su/ated closure h^nw 

attached attendance sheet) On * ape rec ?uirements, has bee!?r process> with 

Pnor to performing bcn£o£3£? 

2^^ ren P s~ Sha " ba 

Maws sjjr ;« f=a %sT^r be b sra ; 

5023 12 ,o ,ncowaia - 
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CAUSE: 


‘ J - - 

ft 6"v/7“ 

ooc,;^ 


-z:;ti:::;r°" ° f “• ° eua «-»«=.«.„ 

* XCeS ' 1V « «•— cloth was unabl.Z b * SMn ln Ch » *«=n. th. 
COrn « "«<* l.ft . space. This s Pr ° Perl1 ' PU11 — » into th. 

rutb * r und « - *.« and P t.s. ur . ;;;; bse,uenti1 ' «** 

! ° Zmaa * rld ^ th. insulation. 4ut «l»v. cura whlch 


CORRECTIVE 


ACTION: 


4. c^tive 


ci ° th instauM - t h . vacuum :r:: “* *"° unt ° f bu * d * r 

fleas, cloth Win b . usad avQr ■ nly two layer. of „ ylon 

bi " ing 1S to that us.d oh Z7 d ° nUt ' ™‘ m * t,,0d « 

demonstration units war. compl. tely acc “its. Tha 

the the ridge formed on t h. Z “ ^ ln,P ‘ Ctl0 " *» 

ThU -tr.otav. action win ba cenfi “ *““"««« unit., 

additional d.mo„.„ation unit Z * “* fabric “ion of on. 
Planning for iot aba win than b . "-«* Production 

Weeder cloth installed and a pictorial d C0 " tr01 *“* am ° Unt ° f 
bagging t.chnigu. „ 1 U ba ep lctlon of t „ e prQper 

conducted and documented to insure o 3assl °"* win be 

vulcanization 

Process requirements. The nozzl fading planning 

nozzle assembly drawings win be revise 
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Motor Case, Loaded 

B1 2002-02-01 

1000738 

D10909 


Case/Aft Closure 

B1 201 8-02-01 

10511 

B13616 (superseded by B19943) 

Case/Aft Closure 

B1 201 8-02-01 

10511 

B19943 


Adapter, igniter 

B1 201 6-02-02 

5569 

005044 


Nozzle Assembly 

B1 2003-09-01 

W0442 

D1 1927 

006185 

Nozzle Assembly 

B1 2003-09-01 
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D11959 

006186 

Closure, Aft 

B1 201 8-14-01 

W0442 

D10275 


Anti-Oxidant 

SE0724 

Lot 20 
All Motors 

D08388 


HX-752 

SE0754 

Lot 50 
All Motors 

D08262 


Nozzle Assembly 

B1 2003-09-01 

W0442 

D14416 
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VMRR 006185 


cF 


Item: 1, Qty: 1 

Use-as-is for qua! ificaiion testing. The requirement for performing adhesive 
bonding operation inside a bonding room is intended to insure that no 

contamination degrades the mechanical bond. The peel test samples, which 

were co-processed in the same area as the closure insulators, yielded 
acceptable bond strength values well above the 25 pli minimum requiremcm/flTTlWttiAev 

These test samples provide confidence that the insulator to closure vulcanized 
bond has adequate strength. 

Item: 2, Qty: 1 

Use-as-is for qualification testing. The 12 hour vacuum hold period is a process 
control requirement to insure that entrapped air between the closure and the 

insulator is removed. Entrapped air could potentially cause an unbond in the 
interface. The post-vulcanization inspection of the bondlinc (ultrasonic and 

lap test) verified that there are no unbonds between the insulator and closure. 

Therefore there is no hardware discrepancy. 

Item: 3, Qty: 1 

Use-as-is for qualification testing. The requirement for non-silicone tapes is 

intended to preclude silicone contamination of the adhesive bond. The tape 
used was applied to the threads of the closure which is not part of the bond 
area. Adequate bonding was achieved as shown by the closure/insulator edge 

bond inspection. The use of the silicone tape will provide for qualification of a 
more worse case condition that what will exist in flight motors. 

Item: 4, Qty: 1 


Rework to print by removing the raised area and re-inspecting via ultrasonic 
inspection and tap test. Use Non-Conformance Rework/Repair Planning for 
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RESPONSE T O USBI CAR fiho 


CAUSE: 


09-01, S/N W0442 (FWD), Release Number MFGr^ran^P/N 0 ^''® 5 P/N 8,Z003 ' 
10705, (AFT), Release Number MFGA 96733 were^he'inn^rt^^ 012003-10-01, S/N 
Acceptance Traveler (MAT) cperallon 0030 totond rubberinLatoMo S6d P6r Materlal 
SE 2073 as part of the Della Qualification Program JT* 1 C '° SUre P6r 
the same environment as the two closures. ParaGraph a n ? » processed in 
preparation, priming, adhesive applications matino JZrtT^nJ 3 ,',!' 2 requ ' res suriace 

bond no ,P be C0mp,eted in a -designated" W 
bonding room was not utilized as reouired for thP twn r T' ™? BSM des, gnated 

bonding activities prior to vacuum hold and autoclavlTcure. Cl0Sure a ssembly 

allowed verificatk^ vSna COntained no testification that 

SE 2073. The masking tape used !n the Zo i^^,^ raph 3 2 2 of specification 
used for the demonstration units and is CSD #8003^ No dp* n" U h‘ tS ^ 3S th ® Same as 
on the roll of tape. Verification of the suppo* mate^ 
description. No certification of the silicone content nf the JL d V,a part master 

as: m v sr hai the tape * " si,icpne - Frea " ~ srrsss z 

^rifirat?on^^^ masWn^ tape^wM oirertokS^^rcSD”' 1 r 9 om ® n d 

operators (Quality inspection is not required by the aD D mv^ nT a n^ 0 , ena ' neer ** 
operation in question) present at the time the operation CToSno C"® 8 ' ma 
does have mandatories within the planning package howev^w^ n,.^ ,nspec,or 
duties in a separate location on site while the ’ nowever was performing other 

pi Q72^g calls out mebond mom^q^remem'Sea^r 5 b61 " 9 parf °™d. 
prerequisites. Demonstration units were^onderlnth* a " achea) under Item 1$ of the 
Delta qualification units. iSe operaton occurmri nn ! f"! 9eneral area as <*<» two 
activity was underway within mentation. d Sund ay while very little other 

CORRECTIVE ACTION- 

discr^ancXs^scrfbed^above and* altow for Material Re™ ^ *° d00uman ' 'He 
The following actions are being 


1) 


pans - A second 
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V 'S' 

- _ ft , f A 2 

.Oa , / o <• 0 


PAGE 2 


PFSPONSE TO USBI CAR 659 

(Continued) 


2 ) 

3) 

4) 

5) 

6) 
7) 


8) 


Data Acceptance Record (DAR) items have been added per PCS No^ 040487 to 
require stamped verification that the designated bond room and masking tape(s) 
have been used to process the hardware. 

Identification tags with CSD Part Number, Lot Number, and Quality Inspection 
Stamp will be required on the appropriate rolls of masking tape. 

Manufacturer's Certificate of Conformance have been added to the Receiving 
Inspection Packages (RIP) to document the masking tape used for the two Delta 
qualification units and future production units is "Silicone-Free . 

A storage area within the BSM adhesive bonding room to store the selected 
masking tapes has been established. 

Part master descriptions for CSD part numbers have been updated to require a 
certification of "Silicone-Free" material for any future orders. 

A training session to detail the BSM insulated closure bonding process, with 
emphasis on the bond room and tape requirements, has been completed (see 
attached attendance sheet). Operators will complete a formal training session 
prior to performing bonding operations. 

Review of the igniter and loaded motor assembly and paperwork shall be 
conducted prior to commencing bonding operations to ensure (xmpliance o 
desiqn requirements. The review shall be completed by CSD Quality 
Manufacturing, and Design representatives. PCS’s shall be issued per CSD 
Standard Procedure 50.23.12. to incorporate any required document changes. 
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CAUSE: 


/' 

4 ; 


rt *<4Mu\rr rr 


n °" u irrrrr- or th ‘ ° aus ouau “««<>» 

- rm ;;r 

excae8iva blaeder eloth we unabi ;- - i- «*. , katch . th# 

C ° rn8r “ hich »•« . space. Thls „ 0P6rly PUU do “" into the 

rubber under the beat and « -bse q «. n£ly miad ^ 

rmed a rld »« in the insulation ^tociev, cure ^ 


CORRECTIVE ACTION: 




‘-wrrective action 


Cl ° th in th. vacul be, COntr01 th ‘ a "° Unt ° f M “ d “ 

release cloth wi U b . U5ad ovar ^ V tW ° ^r. or nylon 

bl?5i " g iS £inii « to that used on tT” 1 " 9 d0nUt ' ^ of 

demonstration units were completely a ' *"° nStritl °" -its. Tba 

“* «» ridge rormed on ln * P#C “°" *» 

This corrective action W1 ba conflrmM * ** ° UaJi ««tion unite. 

additional demonstration unit Th ^ ^ fabric «tlon or on. 
Planning ror lot Aba „ U1 than J"" 1 « b * Production 

feeder cloth installed and a pictorial / C ° ntr01 th * a "° Unt ° f 
tagging technlgu. „ U1 ba ^ « «- Proper 

conducted and documented to insure n " g 3SSSl ° ns Ki ii be 

vuicani2ati ° n perform in — 
Process requirements. The noaale e 9 ard lng planning and 

d »“‘"ds win be revised 
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to 
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specify ths allowed post-vulcaniration 


"■ _fp 

contour of ths Insulator. 
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Pflge. . 2 . oP^ 


Item: 


Qty: 1 


item 1 of NCR In Dn959 C ?rcut te ou" 8 d USe ^ procedure described in 
RTV ,02. Repair of radia, offsets o^HLT ^ ^ 
closure outer diameter using the RTV 10? SU,ator re,ativ e to the 

which is allowed by the nozzle assemhlv a* * quai,fied Procedure 

d.screpam area is necessary to Cu ‘""e 0UI ,he 

RTV 102 material to the insulator and closure trials' b ° nd ° f ,h ' 
Item: 2, Qty; \ 

Use-as-is for qualification testing The 005 in k u- 

insulator exists for only one inch of th* ■ ? h thmner secti °n of 
(approx. 36 inches) and is nsi jL , Clrcumf erence of the closure 
thickness of the insulator (approf, mateiv M*™!! \ ° the remai "i"g 
0.050 inches of insulator is removed durino^h ‘"S' ° n,y 0 040 t0 
erosion/ablation leaving approximately 0 140 • ® , BSM function due to 
remaining thickness of insulator at rhP . hes of msulator. The 

sufficient to protect the closure and insure ^ wil1 be 

not affected. nsure that motor performance is 
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1 • 0 SUMMARY 


CSD-TR-5595_g7_ 


7-05 


test report describes the te*tin<r 
real time X-ray lmaei accomplished us lng a 

y lmagln ® system to verify =, 

aft primary o-ring in th „ Pr "*“ r * « “ hlch the 

in the Booster q^_ _ . . 

The O-ring was co Oration Motor ( BSM) seats, 

mg was considered seated when it w 

the O-ring gland i n a ddif t0 th * 2ft Wal1 of 

twenty-seven tests * ^ ™ 1 — tests, 

when various O-rinJsZlrl ^ ^ ^ Chamber leak rates 

n eS were missing. 

2.0 TEST SET-UP 


To perform the te«t? 

Radiation in Santa Cla / ^ ^ ^ (Sch ° nber ^ 

a BS M motor J a 1 ^ — of 

doaure a ’ ° SUr '' nOZ2le throat plu ^ forward 

Closure, u =e d TBPs, and chamber pressure * 

AU test hardware met * (Figur * 

tabul H ^ 10atle dra " ing tolerances . The 

tabulated resul t , 

a imensional check of the test h a 
= h o™ in Appendix !. A gaseous nitrogen ia 

necessary plumbing (Figure 1 ) to " lth ^ 

ray ln „- Pressurise the chamber. The X- 

agmg equipment is shown in Figure 

configuration. All o-rings used i„ these t t “ 

and accepted per M11-STD-413C. inSPe «ed 

3 . 0 TEST PROCEDURE 

3-1 Chamber Leak Rates 

Prior to the real time X-ray tests + 

y tests, twenty-seven tp?tc / + 

group A) were performed to reveal mot v &St 

reveal motor chamber leak rates when 
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Vent 



Figure 1. BSM Test Equipment and Test Set-Up. 


USE! 
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; /ary;r - g C ° ffibinatl0nS 0-rin«. were m installed tn the „„„ 

In earn test, the motor case was assembled per W.l. 807.;. 001 

with the selected 0-rings missing as listed in the Test Plan 

Matrix. Table 1. The motor chamber was then pressurised to 25 

50. and 90 psig (see Table 1 , . and he!d tor one minute. The motor 

chamber was vented following the compietion of the nine tests in 

each test group. If there was a pressure drop between runs, the 

chamber pressure was boosted back to the chosen pressure. If 

there was no pressure drop between runs, the final pressure was 

logged at the end of the one minute test, and the clock was 

started for the next run. Initial and final pressures were 

logged tc an individual test rista _u c . + - , . 

ata sheet following each run. 

3.2 0-Ring Seating Tests 

The remaining tests (test groups B through E) conformed to 
the assembly procedures listed in paragraph 3 . 1 . Various 0-rings 

for each test group were missing or cut in the motor assembly as 
listed in Table 1, Test Plan Matrix. 

Test group B through E followed a similar procedure to that 

for test group A. To move the primary aft 0-ring to its 
forward most position in the 0-ring gland, the pressurization tap 
in the motor case was pressurized to 90 psig and held for 30 
seconds, then vented. The X-ray imaging equipment was then 
activated with the primary O-ring in its most forward position. 

The valve to the pressurization tap was then closed prior to 
motor chamber pressurization through a tapped hoie in the forward 
skirt. An X-ray image of the motor assembly with the primary aft 
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G-ring in its forward position (view 1) was frozen on the monitor 
screen. For the three tests in group B, the motor chamber 
pressure was slowly increased from 0 psig until the primary aft 
0-ring began its movement which began at 15 psig. The primary 
aft O-ring reached its seated position once the pressure reached 
30 psig. To verify the O-ring seated at 30 psig the pressure was 
increased to 90 psig with no additional movement seen. Following 
each run of the twenty-seven tests in groups B through E, the 
chamber was vented and the aft primary O-ring was moved back to 
its forward position. This test was repeated three times to 
assure conclusive results. The remaining test groups (C through 
E), used a pressure with a 1.3 margin over the 30 psig as a 
seating pressure. The initial pressure of 40 psig, and final 
pressures were recorded to verify if any leakage occurred due to 
missing or cut O-rings. 

4.0 TEST RESULTS 

Test group A yielded results that showed the assembled BSM 
motor only leak path at low pressure (90 psig max) is through 
the forward closure and/or TBI ports (test group A- 1-25 , 50 , 90 ) . 
Previous testing has shown the TBIs, when installed without 0- 
rings , and properly torqued, do not leak at pressures in excess 
of 1990 psig GN2. (Reference document, CSD-TR-2700-01-86 ) . 
Therefore, all leakage was past the forward closure, case 
interface. The worst case pressure drop was from 89.8 to 85.2 
psig over a one minute time span. Test group A-2-25, 50,90 
verified there is leakage past the plug in the transducer port. 
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leakage was very small ( i no- 

ry small (1 p sig OVer one minute wa£ ^ 

worst), but it was con^istpnt t 

+ , “ TeSt group A -3-25, 50,90, proved 

there is no leakage through the aft -nri w 

gn tne aft end when the aft closure 

installed with no 0-rines Two + „ + 

tests showed a pressure drop, f or 

that configuration, of 90.0 to 69. 2 psig. and to . 0 to 49 7 pslg 
over a one minute time span. Both of these tests were the first 

; h r r r; f three and the pr ™ — - - *. . - d o„ n 

C ^ er 3fter a raPld pressur ttation This conclusion can 
be drawn because the nest two tests in each group did „ ot 

tenure a iarge volume of gas from the N2 source to boost it bach 

to the selected pressure ,50 and 90 Psig,, and did not show a 

pressure drop. Table 2 is the Test Result Matrix for test group 


Test groups B. C, and E verified the aft primary O-ring 
=eats itself at or before 40 psig even when other primary and 
secondary 0-ri„gs through out the motor are missing. This was 
confirmed by twenty-one tests in which the actual movement of the 
aft primary o-ring was video taped from the real time X-ray 
image In each run there was a slight pressure drop. Again this 

rop was due to a cool down of the motor chamber. Table 3, is the 
Test Result Matrix for test groups B through E. 

An attempt was made to view the forward primary O-ring seat 
“ test group C- 2 , but the installation of the forward closure 
Pushes the forward primary O-ring to its seated position. The 
chamber pressure was raised to 90 psig with the real time X-ray 
activated, video recording, and the forward primary O-ring did 
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I 


TEST 

number 

RUN 

NUMBER 

TIME 

Pc Initial Pc Final 
(PSIG) (PSIG) 

A Pc 
(PSIG) 

A- 1 - 2 5 

1 

1 min 

25.0 

24.4 

0.6 


2 

1 min 

25.0 

24.4 

0.6 


3 

»i 

25.0 

24.4 

0.6 

A-l-50 

1 

•t 

50.0 

48.0 

2.0 


2 

n 

49.5 

47.7 

1.8 


3 

t« 

50.0 

48.0 

2.0 

A- 1-90 

1 

ii 

89.9 

85.2 

4.7 


2 

n 

90.0 

86.0 

4.0 


3 

ii 

90.0 

85.7 

3.3 

A-2-25 

1 

ii 

25.0 

24.0 

1.0 


2 

it 

25.0 

25.0 

- 


3 

H 

25.0 

25.0 


A-2-50 

1 

II 

50.0 

49.9 

0.1 


2 

II 

50.0 

50.0 

_ 


3 

It 

50.0 

50.0 

_ 

A-2-90 

1 

II 

90.0 

89.4 

0.6 


2 

• 1 

90.0 

89.9 

0.1 


3 

II 

90.0 

89.9 

0.1 

A- 3-25 

1 

(t 

25.0 

25.0 

- 


2 

It 

25.0 

25.0 

- 


3 

II 

25.0 

25.0 

_ 

A- 3- 50 

1 1 

min 

50.0 

49.7 

0.3 


2 

•t 

50.0 

50.0 

- 


3 

it 

50.0 

50.0 

_ 

A- 3-90 

1 

n 

90.0 

89.2 

0.8 


2 

»i 

90.0 

90.0 

- 


3 

ii 

90.0 

90.0 



Table 2. Test Result Matrix, Test Group A. 
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TEST run Pc initial 

number NUMBER (PSIG) 


Pc FINAL A Pc REAL TIME 
(PSIG) (PSIG) RECORDING 



C-2 


C-3 


D-l 


D-2 


D-3 


E-l 


E-2 


2 

3 

1 

2 
3 
1 
2 
3 
1 
2 
3 

1 

2 
3 

1 

2 
3 


N/A 

n/a 

- 

40.5 

40.0 

0.5 

40.3 . 

40.0 

0.3 

40.0 

40.0 


40.0 

40.0 

_ 

40.0 

39.9 

0*1 

40.0 

40.0 

- 

40.0 

39.5 

0.5 

40.0 

40.0 

_ 

40.0 

39.5 

0.5 

40.0 

40.0 

_ 

40.0 

40.0 


40.0 

40.0 


40.0 

39.5 

0.5 

40.0 

39.5 

0.5 

40.0 

39.5 

0.5 

40.0 

39.5 

0.5 

40.0 

39.5 

0.5 

40.0 

39.9 

0.1 

40.0 

39.5 

0.5 

40.0 

39.5 

0.5 

40.0 

39.5 

0.5 

40.0 

39.5 

0.5 

40.0 

39.5 

0.5 

40.0 

39.5 

0.5 


X 

X 

X 

X 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


ign prim 


aft prim 


aft sec 


aft prim 


Table 3. Test Result Matrix , Test Groups B Through E. 
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not move. An attempt was also made to view the aft secondary 0- 
ring seat when the aft primary was missing in test group D-l. but 
the closure at that region was too dense to pick up any movement. 


5.0 CONCLUSION 

Test group A-l-25,50,90 verified the worst case leak path of 
the BSM motor is through the forward closure when the forward 
closure is installed with no 0-rings. Test group A-2-25,50,90 
verified there is slight leakage past the plug in the transducer 
port when it is installed with no 0-rings. Test group A-3- 
25,50,90 proved there is NO leakage past the aft closure when it 
is installed with no 0-rings. The buttress threads and the high 
assembly torque (600 ft. -lb.) of the aft closure seal the motor 
cavity . 

Test groups B, C, and E proved the aft primary 0-ring seats 
at or before 40 psig. The aft primary O-ring seating pressure is 
unaffected by other missing primary or secondary 0-rings. Test 
group E (cut primary, no secondary) confirmed a cut aft primary 
O-ring seats at or before 40 psig, and no leakage is detectable 
during a one minute test. In addition the BSM motor does not leak 
when the mating primary or secondary O-ring of the pair is 
missing. This applies to every pair of O-rings in the BSM motor. 
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INSPECTION RESULTS OF BSM MOTOR CASE DWG. ft BI200I-02-01 

SERIAL (jf K368 


Dimension Per 
DWG. B1 2001-02-01 

t H.970 / 11.966 


0 11.570 / 11.568 


Dimension of 
Case £ K368 

0°« 11.966 90° - 11.967 

45°« 11.970 135°- 11.964 

Average - 11.967 


r Location 

Secondary 
o-ring sealing 
surface. 


0°- 11.568 90°- 11.568 

45 °" 11.571 135®- 11.565 

Average - 11.568 


Primary O-ring 
sealing surface 


0 11.8124 / 11.8000 


°°“ 11 - 8032 11-8012 Pitch Diameter 

45°- 11.8052 135*- 11.8002 of threads. 

Average - 11.8002 


INSPECTION RESULTS 

Dimension per 
DWG. B12006-0X-01 

0 11.536 / 11.530 
0 11.536 / 11.564 

/ 11.234 / 11.232 

•281 / .286 


OF BSM MOTOR CLOSURE DWG ft 
SERIAL ft W469 

Dimension of 
Closure ft W4AQ 

0®- 11.531 90®- 11.532 

45®- 11.531 135®- 11.531 

Average- 11.531 

0®- 11.564 90®- 11.564 

45®- 11.564 135*- 11.565 

Average- 11.565 

0*- 11.235 90®- 11.232 
45®- 11.232 135®- 11.233 

Average- 11.234 

0°- .282 90®- .282 

45®- .282 135®- .282 

Average - .282 


B12006-0x-01 


Location 

Fvd. lip of 
closure . 

Sealing surface 
Just aft of prim 
o-ring gland. 

Primary O-ring 
gland I.D. 

Primary O-ring 
gland width. 


Appendix 1. Dimensional Check of Case & Closure Test Results 
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Location 


Dimension per 
DWG. B12006-0X-01 

6 11.627 / 11.625 

.281 / .286 
/ 11.7917 / 11.7793 

/ 11.9117 / 11.9027 


Appendix 


Dimension of 
Closure M469 

0°“1 1 . 624 90°»1 1 . 626 

45°-11.625 135 8 -11.625 

Average- 11.625 
Q 180° 0.283 MAX 

0°« 11.7872 90°-l 1.7882 

45°- 11.7872 135 8 -1 1 . 7872 

Average- 11.7875 

0°« 11.905 90°-l 1 .906 

45°- 11.906 135 8 - 11.906 

Average- 11.906 


1. Cont. 
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Secondary 

0-ring Gland 
l.D. 

Secondary 0-ring 
gland width. 

Pitch diameter 

of threads. 

Major diameter 
of threads 
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INTERNAL CORRESPONDENCE 


UNITED TECHNOLOGIES 
CHEMICAL SYSTEMS 


To: Brian Hammond 

Fm: F.M. Payne 

Cc: B. Atkinson, L. Murphy, M. Delaney, C. Skrocki, C. Daniels, 

J. Tracy, T.V. O'Hara 

Subj : Interim Test Report for Qualification of Vulcanization 
Process for BSM Aft Closure Insulator Bonding 

Ref: Test Plan for Qualification of Vulcanization Process for 

BSM Aft Closure Insulator Bonding (Section 5.2), CSD DTP- 
5597-001 dated 12 April 93, Revision NC 

Dt: 6/21/93 

No: FMP-01-93E 

INTRODUCTION 

The purpose of this memo is to provide an interim report for 
the testing completed to date in accordance with the "Test Plan 
for Qualification of Vulcanization Process for BSM Aft Closure 
Insulator Bonding", CSD DTP-5597-001. As of June 11, 1993 the 
following activities had been accomplished: 

1) Fabrication and Testing of Baseline (EA 913NA/L-3), 
Adhesive Candidate and Confirmation Panels (Chemlok 805 & 
855 only) 

2) Fabrication of Aging Panels 

3) Fabrication and Testing of Demonstration Aft Closure 
Assemblies and co-processed panels 

SUMMARY OF RESULTS 

The results of the Baseline tests are shown in table I. 

Note that the Baseline peel interfaces exhibit areas where 
contact was not achieved during bonding. It is impossible to 
obtain uniform pressure at all locations using a mechanical i.e., 
clamping method. The same conditions (lack of contact or 
"unbonds") exist in the aft closure insulator bond using the 
current method for the same reason. The was no evidence of lack 
of contact in the vulcanization bonded panels. 

The Adhesive Candidate (Chemlok 805 & 855 only) test results 
are shown in table II and depicted graphically in figure 1. 
Confirmation Panel results are shown in table III. The Chemlok 
205/220 testing was deleted. This system was carried as a back- 
up for risk-reduction. The satisfactory results obtained with 
the water-based, Chemlok 805/855 system made this additional 
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?PLj j Peel“?rength y of ££“ io " 

?15 S w. the ru^" 1 ^? the^ 

?he ne CdT 1 l%'l°" ly0? ° urdm ^ e "- 

This shlws that e the^vu°canizat ion bond^rength^cSj the 8 °*‘ 
conf?^ S ! renqth ' Based on the Adhesive CanSidate anf 
nfirmation results, the process limits were selected in 

?o^sT e “ lth the tSSt Plan ' The -lecter i i:it 6 fa e re 1 a n s 


Process factor 

Low Limit 

Hiah Limit 

Cure Time 

1 hour 

4 hours 

Relative Humidity 

none 

85% 

Dry Times (primer 
& adhesive) 

20 minutes 

* 

Dry Temperature 

60 deg F 

85 deg F 

Cure Pressure 

160 psig 

200 psig 


stin L i: i p r ocesI) determined dUr1 " 9 Demonstr ation Phase (panel 


Using these process limits and the Chemlok 805/855 svstem fho 

“ u “ ^i2STin t, “ 


•, m T !? e !° St fabricat ion examination results from the six 
demonstration closures were also very positive. The insulation 

Sloth C S, ? e ?, by the rubber foxing ring and vacuum bagbleeder 
cloth was still smooth enough to be easily ultrasonics?? v 

^tS??™ g t U flg nd ‘ “ ere . f ° Und in * the”?* miS using 
tap testing and ultrasonic inspection. On units 3 5 & « ,. h J a 

^a^ 

MW Se^e 

rt 

thnof^ d BDC fc th transitlon between the forward tip of the 
throat entrance and the bowl of the closure (see figures 4 and 

whi^h T ^ 1SWaS the result of cut-outs in the rubber forminq rina 
in«?ni^^ S 1 ^ se f ted under the vacuum bag and used to contour the 
eUmJnaSd tJ ln9 a “ t ° clave c “e. Eliminating the cut-outs 

wilTno longer boused?" ' RUbber ^ Wlth CUt -° uts 
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There were minor edge separations noted during the edge bond 
inspection but they met the existing drawing criterion of .125 
inch maximum depth. The co-processed peel panel test results are 
shown in Table IV. Again all test results exceeded 25 PLI . An 
additional peel panel was co-processed up to the point of 
adhesive application with units 3 & 4. This panel is to be used 
for dry time upper limit demonstration and has not yet completed 
testing due to its extended processing cycle time. Based on the 
acceptable ultrasonic, tap, edge inspection and peel results, a 
destructive evaluation of the closure bond was not conducted. 

The dimensional inspection of the outside lip met all 
drawing requirements on units 1 & 3-6 with the exception that all 
units would require some trimming of the insulation outer 
diameter to be flush to the outside diameter of the closure. On 
unit 2, there were four locations which would require filling 
with RTV 102 to meet drawing requirements. These four locations 
were found to coincide with the four sprue holes in the insulator 
mold. Better control of the mold fill and restriction of the 
rubber flow from the sprue holes eliminated the condition on 
subsequent units (units 3, 4, 5 & 6). 

CONCLUSIONS 

Based on the successful fabrication and testing of the 
Baseline, Adhesive Candidate, Confirmation and co-processed 
panels and fabrication and evaluation of demonstration aft 
closure assemblies, CSD is ready to develop design and processing 
documents and to fabricate the Delta Qualification aft closure 
assemblies . 
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TABLE I 


BASELINE 
PEEL VALUES (PLI) 
@ 75 DEG F 


PANEL # 

1 

2 

Ml 111 




105 

90 

2 

97 

90 

a::,;;:-.;-: 

95 

86 

4lll?:|lil|li 

92 

81 


92 

87 

MEAN VALUE 

96.2 

86.8 


PERCENT COHESIVE FAILURE * 
@ 75 DEG F 


PANEL # 

1 

2 

SAMPLE# 

mmmm- 

100 

100 

2 

100 

100 

3 M : 

100 

100 


100 

100 

S 

100 

100 

MEAN VALUE 

100 

100 


@ 130 DEG F 


PANEL # 

1 

2 

SAMPLE# 


85 

72 

2 

85 

71 

saiiillllii 

73 

72 

4'xl ’ • 

82 

70 


78 

81 

MEAN VALUE 

80.6 

73.2 


@ 130 DEG F 


PANEL # 

1 

2 

SAMPLE# t 



lit- 

100 

100 


100 

100 

3 .u 

100 

100 

Am; 

100 

100 

5- • 

100 

100 

MEAN VALUE 

100 

100 


• APPLIES TO CONTACT AREA, BASELINE PANELS EXHIBITED LACK OF CONTACT AT PEEL INTERFACES, 
AREA OF LACK OF CONTACT IN PERCENT IS AS FOLLOWS: 


@ 75 DEG F 


PANEL # 

1 

2 

SAMPLE # fu 

1 1 : • ■ ' ■ 

0 

5 

h., ^ . 

5 

0 

3 

10 

10 

4«: .no 

5 

20 

5.' 

2 

20 

MEAN VALUE 

4.4 

11 


@ 130 DEG F 


PANEL # 

1 

2 

mm&mm 


20 

10 

m i mi! 

25 

20 

gjj ||g|| s| ->• 

40 

40 

44" MUM 1 • 

10 

10 

illl 

0 

15 

MEAN VALUE 

19 

19 
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TABLE II 



O 

T— 

O 

cn 

O 

O) 

C\J 

CD 


CM 
O 
■» — 

CD 


1 


c 

c 

100 

c 

c 

1— 

100 

c 

c 

o> 

CM 

cd 

00 

CD 

CO 

CD 

o 

o 

CD 

CD 

h- 

CD 


1 


100 

100 

100 

100 

100 

00 

CD 

CO 

00 

00 

CO 

CD 

in 

CD 

CO 

CD 

OO 

cvi 

CD 


1 


100 

100 

100 

100 

100 

1 


O 

00 







100 

100 

§ 

T— 

O 

O 

100 

100 

CO 

00 

00 

CD 

r>- 

00 

00 

00 

00 

CO 

00 

86.2 


CO 

100 

100 

100 

100 

O 

o 

T— 

100 

LO 

118 

103 







100 

100 

100 

100 

o 

o 

100 

1 

CD 

CD 

102 

109 


1 

CM 

in 

o 

■ 

1 

100 

100 

100 

100 

100 

100| 

00 

T— 

CD 

CM 

CD 

CD 

00 

CD 

CO 

CD 

CM 

CO 

CD 

■ 


100 

100 

100 

100 

o 

o 

100 


CM 

CO 

00 

CD 

00 

5 

CM 

00 

LO 

00 

CO 

00 

LU 

CM 

100 

100 

100 

100 

100 

o 

o 

LLI 

1- 

< 

r\ 

1 

in 

CD 

00 

CD 

100 



95.4 

DC “ 
3 

-J 

< 

u. 

LU 

> 

1 

100 

100 

100 

in 

CD 

o 

CO 

in 

CD 

ADHESIVE CANDII 
PEEL VALUE (PLI) 

DC 

LU 

CD 

D 

z 

z 

3 

10 

±1 

□ 

: x : ' 

ill i : 
m/i 

DL. ■: 

to 

in*; . 

CM 

,: r . | 

: : 
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ii 

:*!§: : 
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n i 

i 

II i 

i 

tn 

' 

LU 

3 

-J 
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> 

Z 

< 

JJ 

5 

CO 
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o : 

i- : 
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LU \ 

O i 
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LU l 
Q_ C 

r 

u 

33 

s 

D 

Z 

Z 

5 

) 

u 

H 

vv:;' : • 
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1 

wrr.y ; 

:• 
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>vZ: S 
:£■; •• 
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: 

W 
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% 
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c* 
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DESIGN NUMBER 



TABLE 111 


CONFIRMATION TESTS 
PEEL VALUES (PLI) 

@ 75 DEG F 


PANEL # 

1 

2 

mmmm 

i 

104 

84 

2 

100 

94 

siifiii 

108 

98 

4ll v 

96 

98 

5 

97 

93 

MEAN VALUE 

101 

93.4 


PERCENT COHESIVE FAILURE 
@ 75 DEG F 


PANEL # 

1 

2 

SAMPLE# 


100 

r 100 


100 

100 


100 

^ 100 

4:ll ' 

100 

100 

5 

100 

100 

MEAN VALUE 

100 

100 


@ 130 DEG F 


PANEL # 

1 

2 

SAMPLE#;! 


86 

f 83 

SU .. '• 

88 

78 

3 •• - • • . 

83 

78 

4 " 

88 

95 

5 7 ■'Jk'--'. '.- ■■ 

86 

88 

MEAN VALUE 

86.2 

84.4 


@ 130 DEG F 


PANEL # 

1 

2 

SAMPLE.#.- 

ivivi! • 

100 

100 


100 

100 


100 

100 

iillllMIIIII 

100 

100 

51 

100 

100 

MEAN VALUE 

100 

100 
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table IV 


CO-PROCESSED PANEL TESTS 
PEEL VALUE (PLI) 


UNIT# 

SAMPLE# 

F 4 


Ha 


88 

94 

125 

2 

90 

100 

83 

' 3 

90 

97 

r ™~ 94 


89 

96 

93 

A il ' '• " 5 

90 

104 

78 

MtAN VALUE 894[ 

BBiiS 

94.6 


UNIT# 

Sample#! 

4 

5 

6 

40SS8 m i 

100 

100 

100 

: - 2 

100 

100 , 

100 

3 

100 

100 

100 

4 

100 

100 

100 

5: 

100 

100 

100 

MEAN VALUE 

100 

100 

100 


* - PANEL NOT FABRICATED PROPERLY; 

PEEL STRIP WAS OF INSUFFICIENT LENGTH 
RESULTING IN SOME ANOMALOUSLY HIGH 
VALUES DUE TO TENSION FAILURE OF RUBBER. 
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